Biological treatment of a high strength chesses whey wastewater was investigated in a series of aerobic-anaerobic experiments. The aerobic treatment of the wastewater was conducted in a three-stage rotating biological contactor (NRBC), while the anaerobic process was performed in an up-flow anaerobic sludge fixed film (UASFF) bioreactor. Various concentrations of wastewater with influent COD of 40 to 70 g/L were introduced into the NRBC system. Treatability of the samples at various HRTs of 8, 12 and 16 h was evaluated in the NRBC reactor. The effluent streams of the NRBC system were introduced into a UASFF bioreactor. The anaerobic treatment of pretreated samples was investigated in the UASFF at the same HRTs of 8, 12 and 16 h. The obtained results revealed that more than 53, 69 and 78% of the influent COD (50 g/L) were removed in the NRBC reactor at HRTs of 8, 12 and 16 h, respectively. Maximum COD removal efficiencies of 96, 96.8, 97.4 and 96.4% were achieved in the combined systems at total HRT of 32 h for the influent COD of 40, 50, 60 and 70 g/L, respectively.
Dairy industries dominate in the north of Iran. Discharge of inappropriately treated effluents from dairy plants may seriously cause environmental pollution and oxygen depletion for the aquatic organisms.
Generally, there are two distinct trends in the treatment processes of dairy waste streams. In the first trend, which is based on the recovery of valuable compounds, proteins and lactose are recovered in the form of the whey powder. The dried and powdered whey is used as an additive to animal food or in agrofood and pharmaceutical industries [1, 2] . In the second trend, which is based on the degradation of untreated whey as pollutants, more attention is paid to the waste treatment processes. Discharge of highly polluted waste streams of dairy industries without further treatments, may seriously cause the environmental pollution and negatively alter the quality of water resources [3, 4] . Whey wastewater production is estimated to 145×10 6 t/year and approximately half of that is disposed into the surface water [5] . A disposal of the high COD content of the whey wastewater may lead to the reduction of the dissolved oxygen (DO) level and consequently threaten the aquatic life. Therefore, a whey treatment is very significant from environmental points of view.
Among various wastewater treatment technologies, a biological treatment appears to be most promising. It has been stated that wastewaters with BOD/COD ratios of 0.5 or greater are easily treated by biological treatment processes [6] . A high level of organic matter in whey wastewater may pose a serious problem for conventional wastewater treatment plants. Commonly, a combination of aerobic and anaerobic treatment process is implemented for a dairy wastewater treatment [7] . Among various biological treatment processes, a rotating biological contactor (RBC) is a system that benefits the advantages of both suspended growth and fixed-biofilm. It acts as an alternative bioreactor to treat high strength wastewaters [8, 9] . High aeration and oxidation capacity improves the removal process in RBC system [10] . Successive applications of RBC reactor have been found in aerobic treatment processes such as biodegradation of phenol compounds [11, 12] , a removal of hydrocarbons [13] [14] [15] , biological decolorization [16] [17] [18] , bioremediation of heavy metals [19] , a treatment of sa-line wastewater [20] [21] [22] [23] , a removal of nitrogen [22, 24] and a citric acid production [25] .
In order to meet the environmental regulations and standards for the discharge quality, highly polluting waste streams should be treated before discharging to the surface water. A post aerated system has to be implemented by a suitable treatment process. Anaerobic digestion has the ability to convert most of the remaining organic matters in the aerobic process to biogases such as CH 4 and CO 2 [26] . Most of researches conducted in the wastewater treatment have implemented an anaerobic process followed by and aerobic treatment to reduce the organic load of highly polluted waste streams. In the current experiment, a very high strength wastewater (COD concentration higher than 40 g/L) was planned to be treated. Such a high influent COD is considered as an organic shock for the anaerobic system. In such a high organic load in the anaerobic treatment, very long HRT is required to reduce the COD concentration. Thus, RBC was planned to be used as a primary treatment process in order to reduce the organic load of the wastewater for the subsequent use in an anaerobic system. A similar case, the application of aerobic prior to anaerobic systems used, is reported in the literature [27] . An up-flow anaerobic sludge fixed film (UASFF) bioreactor which is a combination of an up--flow anaerobic sludge blanket (UASB) bioreactor at lower part and an immobilized cell fixed-film (FF) reactor at upper part was used as a suitable choice for post-treatment process [28] . It has been used for the treatment of an industrial wastewater such as dairy and brewery wastewaters and also often used to treat palm oil mill effluents [26, 29] . A literature survey showed that overloading of suspended solid at short HRT may create a situation which destabilizes the performance of the UASFF bioreactor [29] . Therefore, a complete digestion of highly polluted waste streams in UASFF requires a pre-treatment process to shorten the HRT.
In the present study, the treatability of cheese whey as a high strength wastewater was initially conducted in a three-stage RBC system and then the effluent was fed to an UASFF bioreactor for further treatment. The performance of the systems at various HRTs and influent COD concentrations was investigated.
MATERIALS AND METHODS

Wastewater preparation
Whey is an important by-product of dairy industries which is generated after separation of fats and casein from the milk. It contains a high level of carbohydrates in the form of lactose (4.5-5% w/v), soluble proteins, mainly casein (0.6-0.8% w/v), fats (0.4--0.5% w/v) and mineral salts (0.5-0.7% w/v) [2] . Therefore, whey is characterized as a stream with a high organic content and a chemical oxygen demand (COD) of 50-70 g/L [1] .
The cheese whey used in the experiments as a source of a high strength wastewater was obtained from Gela Factory, Amol, Iran. The whey samples were stored at 4 °C to avoid any changes in a chemical composition or acidification caused by the conversion of lactose to lactic acid. Based on the necessity of the experiments, various dilutions of wastewater were prepared using distilled water. During the adaptation phase, pH of the wastewater was maintained at 6.5, nearly neutral condition, by addition of 1 M sodium hydroxide solution. The characteristics of the whey wastewater are presented in Table 1 . Experimental set-up A lab-scale three-stage RBC with dimensions of 75 cm length, 35 cm width and 30 cm depth was fabricated. The use of three compartments in designing RBC helps the system to behave as a plug flow bioreactor which has reasonably better performance and conversion comparing to a single CSTR bioreactor. The NRBC consisted of acrylic plastic discs which were mounted on a stainless steel shaft. The discs were geared with an electronic motor fixed rotational speed of 4 rpm at a fixed power input (NDRD motor, model SK 63/4, Germany). Generally, the rotational speed of RBC recommended in the literature is 1-1.6 rpm [30] . Kubsad and his co-workers [31] have found a model for the oxygen transfer in a rotating biological contactor, the optimum rotational speed of RBC was defined at 5.3 rpm [31] . The RBC's rotational speed of 4 rpm was in the mid-range recommended in the literature [30, 31] . The shaft was passed through the center of the discs and mounted on the bearing attached to the ends of the wastewater container. The substrate feed rate was controlled using a variable speed peristaltic pump (Etatron D.S., model PDP-B-V, Italy). A schematic representation of the NRBC system is shown in Fig. 1 . The reactor design and operation parameters are also summarized in Table  2 . The UASFF bioreactor was followed by NRBC system. The effluent stream of the NRBC was introduced into the UASFF for further treatment. The pilot scale of the UASFF bioreactor was fabricated with total volume of 960 ml, the internal diameter of 2.76 cm and the height of 160 cm. The top part of a glass column was randomly packed with seashells so that the voidage was 85%. At first, both bioreactors (RBC and UASFF) were operated at room temperature (22 °C) . Although the RBC system showed a very good performance at this temperature, the UASFF bioreactor did not suitably perform in terms of a biogas production at 22 °C. Thus, an external circulation of the warm water bath was applied to control the UASFF's temperature at 36 °C. Such a temperature dependence of the two bioreactors may refer to the growth and activity of various aerobic and anaerobic organisms at different operational conditions.
The pretreated wastewater was continuously fed into the reactor using a peristaltic pump (Thomas, model SR25, Germany). The feed was introduced from the bottom of the column reactor and distributed through the column using a perforated plate. The schematic diagram of the UASFF bioreactor is also shown in Fig. 1 .
Bioreactor operation
A sample of whey wastewater was used to culture a suitable biomass for the process start-up. The wastewater which was supplied from the ultrafiltration unit of the cheese production plant was enriched in COD and lactose. Initially, a diluted wastewater with the concentration of 4000 mg COD/L was continuously fed into the NRBC system. The system was operated at HRT of 24 h and the disc rotational speed was set at 4 rpm. A permanent film of the biomass was gradually established on both sides of the discs after 5-7 days (Fig. 2) . Then, the process was operated at various HRTs of 8, 12 and 16 h. The effect of various influent COD and HRT on the performance of NRBC reactor and COD removal efficiency was investigated. The samples were taken from each stage of the RBC system. The collected samples were analyzed for the COD concentration using a standard method [30] . A spectrophotometer (Unico, model 2100, USA) at the wavelength of 600 nm was used to measure the absorbance of the samples. The effluent samples were collected in a settling basin and the clear effluent was further treated in a lab-scale UASFF bioreactor.
The UASFF bioreactor was inoculated with 500 ml of a seed culture which was originated from an anaerobic sludge sample of the cheese wastewater treatment plant. For the acclimation of microbial consortium, the bioreactor was batch-wise fed with diluted cheese whey (7000-20000 mg COD/L). For the first eight days of a start-up operation, the bioreactor was continuously fed in a full recycle mode. Then the feed tank was gradually loaded with the pretreated wastewater obtained from the NRBC system. Similar experiments were conducted at the selected HRTs of 8, 12 and 16 h and then COD removal efficiencies were calculated. 
RESULTS AND DISCUSSIONS
An aerobic treatment of cheese whey as a highly polluted wastewater was investigated in a three--stage RBC system. According to the high strength wastewater, RBC was selected to conduct the continuous treatment process. The attached growth microbial film on the biological contactors enables the RBC to retain high concentrations of the biomass. Therefore, RBC has the ability to treat high strength influents and resists against high organic and hydraulic shocks [9, 28, 32] .
The fabricated NRBC system was initially operated with diluted cheese whey with the concentration of 4000 mg COD/L at the flow rate of 2.7 l/h, HRT of 24 h and disc rotational speed of 4 rpm. The system was continuously operated until a permanent film of the biomass was gradually created on the discs. After 10 days of the operation, the system became stable and was ready for full capacity exploitation. Table 3 summarizes the characteristics of the wastewater after the start-up period.
It was observed that the DO level was reduced at the first stage of the NRBC system and then gradually increased. This was due to the fact that microorganisms utilize the nutrients in the wastewater and grow rapidly to form a thick biomass which consequently resulted in a reduction in a DO level of the wastewater. Since most of the nutrients had been consumed by microorganisms at the first stage, a biomass formation was not so strong at the next steps. This may cause a reduction in the oxygen consumption rate. Besides, the rotation of the discs was a significant parameter to increase the DO content of the wastewater.
After the development of a permanent and uniform biofilm on both sides of the discs, the system was operated in full capacity. In order to investigate the effects of influent COD and HRT on the COD removal efficiency, various influent COD (40, 50, 60 and 70 g/L) and HRT (8, 12 and 16 h) were selected. The system was operated in sufficient time at each selected HRT to establish the steady condition. The effect of HRT on the COD removal efficiency is described in Fig. 3 . It was observed that for all influent COD concentrations, the COD removal efficiency increased as the HRT was gradually increased from 8 to 16 h. Maximum COD removal efficiency of 80% was obtained at HRT of 16 h and influent COD of 50 g/L. As the influent COD was increased to 60 and 70 g/L, the COD removal efficiency gradually decreased which was due to a high organic load and hydraulic shocks. The high organic load may have caused toxication of the biofilm which consequently resulted in depletion of the COD removal.
The effluent stream of the NRBC was introduced into UASFF bioreactor to conduct further treatment processes. In order to evaluate the effect of HRT on the COD removal efficiency in the UASFF bioreactor, the same HRTs of 8, 12 and 16 h were examined. The effluent wastewater obtained from the RBC pretreatment process was introduced into the UASFF bioreactor. The effluent COD of the UASFF bioreactor at various HRTs of 8, 12 and 16 h are tabulated in Table 4 . Figure 4 represents the effect of total HRT (NRBC and UASFF) on total COD removal efficiency. Figures 5a, 5b and 5c refer to the wastewater samples which were pretreated at HRT of 8, 12 and 16 h in the NRBC system, respectively. The achieved data revealed that the COD removal efficiency increased as the HRT was gradually increased. Figure 5a shows that maximum total COD removal efficiencies of 95.7, 96.9, 96.6 and 97.1% at total HRT of 24 h (8 h in NRBC and 16 h in UASFF) were obtained for influent COD of 40, 50, 60and 70 g/L, respectively. As Figs. 5 b and 5cdepict, similar trends were followed for the samples which were pretreated for 12 and 16 h in the NRBC reactor. Figure 3 . Effect of HRT on COD removal efficiency in the RBC system. Figure 4 . COD removal efficiency with respect to HRT in the UASFF bioreactor; a) pretreated samples at HRT= 8 h, b) pretreated samples at HRT= 12 h and c) pretreated samples at HRT= 16 h. Figure 5 represents the COD of the effluent samples with respect to total HRT. From the obtained results it is clear that the combined system (three--stage RBC + UASFF) is quite effective in removing the COD because of the low concentration of COD (1.5-2.5 g/L) obtained at total HRT of 32 h. However, it should be mentioned that the wastewater treated in this way still does not meet a suitable limit for discharge (COD < 100 mg/L) and further post treatment processes should be applied to reduce the COD concentration to the limit stated as a standard for safe discharge.
CONCLUSION
Aerobic-anaerobic treatment of cheese whey wastewater was conducted in a NRBC system and then the effluent fed to an UASFF bioreactor. Treatability of the wastewater with respect to HRT and influent COD was investigated in both systems. It was observed that the NRBC reactor effectively removed more that 50% of the COD at HRT of 12 h. The obtained results showed that the UASFF bioreactor was suitable for the post-treatment process and the achieved COD removal efficiencies were more than 96% for all influent CODs at HRT of 32 h.
